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ABSTRACT : 

PURPOSE: To prevent penetration of boron where boron is 
diffused into a 

silicon substrate via a gate insulation film from a 
polysilicon film by 

performing ion implantation of nitrogen atom to silicon 
oxynitride film or the 

interface between the silicon nitride and oxide film and 
the silicon substrate. 

CONSTITUTION: Silicon oxynitride film 2 is formed on a 
silicon substrate 1. 
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Then, nitrogen atom 3 is ion- implanted onto the film, thus 
introducing nitrogen 

atom into the silicon nitride and oxide film or an area 
near the interface 

between the silicon oxynitride film and the silicon 
substrate and hence 

suppressing penetration of boron. Finally, polysilicon 
film 4 is formed on the 

silicon oxnitride film, boron B<SP>+</SP> is ion-implanted 
for forming a gate 

electrode, and patterning is made, thus completing a 
semiconductor device 
through a desired process. 
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* NOTICES * 

JPO and NCIPI are not responsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** s hows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention is P+ which had a silicon nitriding oxide film in gate dielectric 
film, and introduced P type impurities, such as a boron atom, into the polycrystalline silicon film with 
ion-implantation in detail about the manufacture approach of a semiconductor device. It is related with 
the manufacture approach of a transistor with a polish recon gate electrode. 
[0002] 

[Description of the Prior Art] In NMOS, it is N+. In polish recon and PMOS, it is P+. The dual structure 
using polish recon as a gate electrode is seen as a hopeful as gate structure of CMOS of a deep 
submicron field. PMOS shows the short channel effect and the turn-off property that the channel 
changed and was excellent in the Sir face mold. However, the biggest technical problem which must be 
solved in order to carry out the scale down of this dual gate CMOS is P+. It is "boron's thrusting" (it 
abbreviating to thrusting below). [ which boron diffuses in a silicon substrate through gate dielectric 
film from polish recon ] 

[0003] If this thrust omission happens, the high impurity concentration of a silicon substrate surface will 
change, and the threshold voltage of a PMOS transistor will be changed. Furthermore it pokes, and when 
an omission is large, a punch-through arises, thus — running — the serious change for transistor actuation 
is brought about. The impregnation energy at the time of the ion implantation of a boron atom is 
adjusted conventionally, or this thrust omission is prevented by the thickness of gate dielectric film, or 
adjustment of membraneous quality. However, the thermal oxidation film of prevention capacity for 
which gate dielectric film is used from the former by being set to lOnm or less in deep submicron one is 
inadequate. Then, new gate dielectric film called a silicon nitriding oxide film is developed in recent 
years. 
[0004] 

[Problem(s) to be Solved by the Invention] The nitrogen concentration in said silicon nitriding oxide 
film influences the electrical property of gate dielectric film greatly. When nitrogen concentration was 
extremely high, there was a problem of a fixed charge having increased rapidly by subsequent heat 
treatment, or destabilizing. On the other hand, when nitrogen concentration was low, there was a 
problem that there was no prevention effectiveness through which it runs practically, or variation started 
a thrust omission too greatly. 

[0005] Moreover, as the formation approach of a silicon nitriding oxide film, it is NH3 in some thermal 
oxidation film formed on the silicon substrate with a certain resistance heating furnace from the former. 
The approach of nitriding or nitriding oxidizing in an ambient atmosphere is common, moreover, recent 
years - a resistance heating furnace — not using — RTP (Rapid ThermalProcess) ~ after forming an 
oxide film by law — NH3 The approach of nitriding and forming some oxide films in an ambient 
atmosphere etc. is also developed. The approach of furthermore oxidizing a silicon nitriding oxide film 
again in addition to the above-mentioned approach is also used. These approaches must also take into 
consideration the concentration of the hydrogen atom incorporated at the time of nitriding. If hydrogen 
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concentration is large, problems, such as an increment in early interface state density and an increment 
in the interface state density after current stress, will be produced. 

[0006] The acid nitriding using NH3 had the problem that gate-dielectric-film formation could not be 
complicated in respect of control of both nitrogen concentration and hydrogen concentration, or a large 
process margin could not be taken because of the constraint which said boron runs and originates in 
prevention. This invention is made in order to offer the formation approach of a silicon nitriding oxide 
film of having introduced the nitrogen atom into the inside of a silicon nitriding oxide film, or the 
interface of a silicon nitriding oxide film and a silicon substrate with ion-implantation, having raised the 
nitrogen concentration in a silicon nitriding oxide film rather than it at the time of membrane formation 
in view of the above-mentioned problem, and this having poked, and could control the omission, and 
having excelled in the electrical property. 
[0007] 

[Means for Solving the Problem] This invention is the manufacture approach of the semiconductor 
device characterized by carrying out the ion implantation of the nitrogen atom to the interface of a 
silicon nitriding oxide film or a silicon nitriding oxide film, and a silicon substrate in the manufacture 
approach of the semiconductor device which forms a gate electrode on the film concerned, using the 
silicon nitriding oxide film formed with the resistance heating furnace on the silicon substrate as gate 
dielectric film. 
[0008] 

[Function] According to this invention, a nitrogen atom can be introduced into the interface of a silicon 
nitriding oxide film or a silicon nitriding oxide film, and a silicon substrate with ion-implantation, the 
nitrogen concentration of this field can be raised compared with the nitrogen concentration of the silicon 
nitriding oxide film at the time of membrane formation, and the thrust omission of the boron from the 
doped polysilicon film (boron) formed on said silicon nitride of existence of this nitrogen atom can be 
controlled. 

[0009] The nitrogen volume which is crowded for the time of nitriding in order to obtain a part of 
nitrogen atomic weight which controls the thrust omission of boron with ion-implantation can be 
reduced, and it is NH3. In the conventional approach performed using an ambient atmosphere etc., 
extent of nitriding can be stopped low. Since the amount of installation of the hydrogen atom 
incorporated during nitriding in connection with this can be reduced, generating of a fixed charge, 
destabilization, increase of interface state density, etc. can be prevented, and the gate dielectric film 
which was excellent in electrical characteristics can be obtained. 

[0010] Although the nitrogen atom by which the ion implantation was carried out is activated by the 
heat history of the after that of LSI device formation, or is incorporated in the network in the film, and it 
runs through it and it generates prevention capacity, it may add heat treatment immediately after an ion 
implantation and polish recon film formation if needed, and may generate prevention capacity. 
[0011] 

[Example] The example concerning this invention is explained according to drawing 1 . drawing 1 
shows the manufacture approach of the semiconductor device concerning the example of this invention - 
- it is an explanation sectional view a part. At the process shown in drawing 1 (a), thickness forms the 
silicon nitriding oxide film 2 which is 80 - 100 ** extent on a silicon substrate 1 with the oxidizing 
[ thermally ] method and heat nitriding by the resistance heating furnace. Next, at the process shown in 
drawing 1 (b), the ion implantation of the nitrogen atom 3 is carried out energy:4-8keV and about 
dose:2-5xl015cm-2 from on the film obtained at the process shown in drawing 1 (a). By doing in this 
way, a nitrogen atom can be introduced near the interface of a silicon nitriding oxide film or a silicon 
nitriding oxide film, and a silicon substrate, and the thrust omission of boron can be controlled. It cannot 
be overemphasized that the energy and the dose of a nitrogen atom change with the thickness and the 
transistor characteristics (for example, value of Vth) demanded of gate dielectric film with the dose of 
the polish recon thickness and boron which are mentioned further later. 

[0012] the process finally shown in drawing 1 (c) — a silicon nitriding oxide film top — the polish recon 
film 4 — about 1000-2500A — forming — ion-implantation — boron B+ Or BF2+ etc. — the ion 
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implantation was carried out about [ three to 8x101 5cm dose to / 2 ] 5 and the gate electrode was formed. 
Patterning is performed after that, a desired process (heat treatment is included) is performed further, 
and a semiconductor device is completed. 

[0013] The capacity-voltage characteristic Fig. of this example and the conventional example was 
shown in drawing 2 . Drawing 2 is P+. Although it is a capacity-voltage characteristic Fig. when using a 
sample with a polish recon KEDO electrode, A (example) is the case where gate dielectric film is a 
silicon nitriding oxide film, and carries out the ion implantation of the nitrogen atom to the interface of a 
silicon nitriding oxide film or a nitriding oxide film, and a silicon substrate, and when gate dielectric 
film is a nitriding oxide film, as for C (conventional example 2), gate dielectric film of B (conventional 
example 1) is the case where it is an oxide film (a substrate is P type). In this example, it is clear from 
this property Fig. that the thrust omission of the boron from a boron doped polysilicon film has been 
controlled. 

[0014] In addition, about silicon oxidation nitride formation, the thermal oxidation film is formed in ** 
silicon substrate in oxygen or a steam ambient atmosphere, and it is NH3 after that. Although the 
manufacturing method which carries out the heat nitriding of some above-mentioned oxide films in an 
ambient atmosphere is common, a part of film concerned may be nitrided with nitrous oxide after the 
oxide-film formation by the approach of forming a direct silicon nitriding oxide film on a silicon 
substrate using ** nitrous oxide (N20), and the ** oxidizing [ thermally ] method. If the two approaches 
of the above-mentioned ** using nitrous oxide and ** and the approach of introducing the nitrogen atom 
of this invention with ion-implantation are doubled and used, the semiconductor device which was 
further excellent in the property can be obtained. 
[0015] 

[Effect of the Invention] This invention can control now the thrust omission of the boron from a upside 
boron doped polysilicon film by introducing a nitrogen atom into the interface of the silicon nitriding 
oxide film formed on the silicon substrate or a silicon nitriding oxide film, and a silicon substrate with 
ion-implantation, and raising nitrogen concentration rather than the time of membrane formation with 
this. 

[0016] moreover, installation of the nitrogen atom by ion-implantation — film Nakamizu ~ base - 
nitrogen concentration could be determined regardless of concentration, hydrogen concentration could 
be pressed down low, nitrogen concentration could also be made high, and it became possible [ the 
interface state density resulting from hydrogen etc. ] to stop low. 

[Translation done . ] 
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